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Cirrus Particle Distribution Study 
Part 5 


1. INTRODUCTION 


This is the fifth report in a study of cirriform cloud particle distributions 
measured by an MC-130E of the 4950th Test Wing which was equipped with AFGL 
cloud physics instrumentation. The capabilities and limitations of the instrumenta- 
tion on this aircraft have been discussed in the first report of this series by Varley. - 
The particular mission described here was flown on 19 March 1978 in support of 
the Air Force Weapons Laboratory's (AFWL) Advanced Radiation Technology Pro- 
gram. 

The sampling flight of 19 March originated and terminated at Kirtland AFB, 
New Mexico, and lasted about two hours. It was flown in the area south of Albu- 
querque where there were extensive layers of altostratus and cirrostratus clouds. 
The main regions sampled consisted of a high altostratus deck, a relatively clear 
area between mid-level and higher clouds, and a cirrostratus layer. The five 
Particle Measuring System (PMS) spectrometers aboard the aircraft recorded large 
numbers of particles during most of the flight except when the aircraft was neither 


in, nor under, visible clouds. Such conditions were rare on this flight. 


(Received for publication 12 July 1979) 


1. Varley, D.J. (1978) Cirrus Particle Distribution Study, Part 1, AFGL-TR-78- 
0192, AD AC#h1485, 


A description of the general weather situation on 19 March and a discussion 


of the significant data obtained during the flight are outlined in the following section. 


2. SYNOPTIC SITUATION 


During the evening of 18 March and the morning of 19 March, a weak cold 
front moved south and west from the central plains towards New Mexico. Figure 1 
shows its position at 1200Z on 19 March. By 1800Z, it became nearly stationary 
over eastern New Mexico. A weak low pressure area along the front was centered 
in the Texas Panhandle at that time. The polar air mass north of the front was 
overrun by warm moist air that resulted in extensive middle level cloudiness from 
western Texas to central New Mexico. The southerly flow of warm air near 700 mb 
(see Figure 2) contributed to the creation of this cloudiness. A short wave at 
middle and high levels plus a 300 mb jetstream over the southern boarders of 
Arizona and New Mexico resulted in cirrus and cirrostratus clouds over southern 
New Mexico. Figures 3 and 4 show the location of the short wave over Nevada 
at 1200Z. 


SAMPLING 
AREA 


fs 


1016-__ 10201024 


Figure 1. Surface Map at 1200Z on 19 March 1978 


Figure 2. 700 mb Map at 1200Z on 19 March 1978. Values are tens of 
of geopotential meters 


Figure 3, 500 mb Map at 1200Z on 19 March 1978. Values are tens of 
geopotential meters 


Figure 4. 300 mb Map at 1200Z on 19 March 1978. Values are tens of 
geopotential meters 


Figure 5 is a GOES visible satellite picture of the southern U.S. at about the 
mid-point of the flight (1800Z). It shows extensive high cloudiness over central 
New Mexico. Some middle level cloud is also evident. 

Surface reports during the flight showed extensive broken to overcast middle 


and high cloud throughout the area. The following are representative surface 
observations. 


Table 1. Surface Weather Observations 


Cloud Ht Dew Pt Wind 
Station and Extent (H/C) (Dir/kt) 


Albuquerque 140 broken 160/04 
200 broken 


Holloman AFB 150 broken 100/06 
250 overcast 


Roswell 100 broken 100/07 
150 overcast** 


Albuquerque 140 broken 100/07 
200 broken 


in hundreds of feet 
thin 
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Figure 5. GOES East Visible Satellite Picture at 1800Z on 19 March 1978 


The Albuquerque sounding for 1200Z on 19 March is shown in Figure 6. The 
moist layer from 7 to 9 km indicates a layer of clouds at 23, 000 ft. 
at 7 km marked the base of this layer. 


An inversion 


During its ascent, at 1700Z, the aircraft observed a similar inversion at 6 km. 
This indicates warm advection was occurring in the layer between 6 and7 km. The 
dotted line on Figure 6 shows the temperatures reported by the aircraft during its 
ascent. 

By 00Z on 20 March the 500-mb short wave shown in Figure 3 had moved over 
the Albuquerque area. Asa result, the cloudiness increased and the moist layer 
had descended to the 500-mb level. The 500-mb dew point depression went from 
17 deg at 1200Z to 0 deg at 00Z. 
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STATION _KABQ 
pate 9 MAR 78 
" Time__!200Z Figure 6. Portion of the 
Radiosonde Sounding Taken 
at Albuquerque, N.M. at 
12C0Z on 19 March 1978. 

The tropopause was at 16 km. 
The dotted line shows the 
temperature observed hy the 
sampling aircraft between 
1700Z and 1800Z 


ALTITUDE (km) 


“50-40 30 -20 =10 0 +10 
TEMPERATURE (°C) 


3. THE FLIGHT 


The area south of Albuquerque was covered by layers of middle and high clouds 
on the morning of 19 March. The flight discussed here was made in order to 
sample both layers and the area between them. Profiles of the aircraft altitude 


and outside temperature during the flight are presented in Figure 7. 


19 MARCH 1978 


ALT (km) 
ro) 


TEMP (°C) 


(710 20 30 40 50 1800 10 2a 30 4 
TIME (2) 


Figure 7. Profiles of Altitude and Temperature 
During the MC-130E Flight of 19 March 1978. 
Letters are at times for which data are examined 
in text 
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The aircraft departed Kirtland AFB at 1645Z and began a stepwise ascent. By 
1705Z it was in an ice particle cloud at 7.3 km (24, 000 ft) that appeared to be the 
upper part of an altostratus layer. At 1710Z a climb to 8.0 km (26,000 ft) began. 
Upon reaching this altitude the aircraft was between the altostratus and the cirri- 
form clouds as seen in Figure 8. At 1752Z the aircraft climbed to 8.5 km (28, 000 
ft), where it was just below the base of a cirrus layer (see Figure 9). At 1740Z 
the climb was continued to 9.0 km (29,500 ft), where the aircraft was in the cirrus 
deck. A final climb to 9.3 km (30,500 ft) put the aircraft near the top of the cirrus. 
During this time, the aircraft remained in the area between Albuquerque and 
Socorro. See Appendix A for a transcription of some of the flight director's taped 
comments during the mission, 

Particle sampling was conducted for the period from 1705Z (approximately 
20 min after takeoff) until 1845Z, when the aircraft completed its last data pass and 
prepared to return to Kirtland AFB. A variety of crystal types was recorded as 
the aircraft moved from the mid-level altostratus clouds to the relatively clear 


layer between cloud decks and then to the higier cirrus layer. 


Figure 8. Photograph of Clouds at 1722Z on 
19 March 1978. Aircraft was in clear air 
between two cloud decks 


ad 


ae wae Fe iti a alee * 4 


Figure 9. Photograph of Clouds at 1730Z on 
19 March 1978. Upper deck was somewhat 
thinner than in Figure 8, and particle counts 
had dropped considerably in a short time 


The traces of the variation of ice water content (IWC) determined from the 
scatter, cloud, and precipitation probes from 1705Z to 1845Z are shown in Fig- 
ure 10. A similar plot of the ice water content computed from the sum of the 
cloud and precipitation probe values is shown in Figure 11. Generally, water 
content was high as could be expected from a flight which was in clouds most of 
the time. Even while in the higher clouds, the precipitation probe registered large 
ice water content values. There were several short periods during which IWC was 
unusually low. These generally corresponded to times the aircraft was between 
layers. 

As in previous cirrus sampling flights reported in this series, the PMS axial 
scattering, 1-D “cloud'' and 1-D "precipitation'' spectrometer probes were used. 
These recorded particles in the approximate ranges of 2 to 27 wm, 17 to 360 um, 
and 320 to 5400 um, respectively. The scatter probe is believed to overestimate 
the number of small ice crystals by an unknown amount. This uncertainty exists 
because the scattering properties of such crystals are not known. In addition to 
the 1-D probes, PMS 2-D "cloud" and "'precipitation'' probes provided ''shadow- 


graphs" of particles as large as 800 um and 6400 um, respectively. 
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Figure 10, Variation of IWC Calculated From Measurements of 3 PMS 
Probes During Flight of 19 March 1978 
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TOTAL IWC VS TIME 


(720 (740 {800 1820 1840 
TIME (2) 


Figure 11. Variation of IWC as Determined From Probes Measuring Particles 
Approximately 17 to 5400 um in Size During the Flight of 19 March 1978 


4. EXAMPLES OF DATA 


To illustrate the different kinds of particle data obtained, five portions of the 
flight were selected for closer examination. The times chosen are shown by the 
arrows and letters at the bottom of Figure 7. The letters correspond tc the letters 
of the subparagraphs below. 

(A) Figure 12 shows the particle spectrum observed during the 3-min period 
beginning at 1705Z. During this time the aircraft was passing in and out of the top 
of the altostratus layer at 7.3 km. The data from the PMS 2-D spectrometer probes 
revealed a variety of round-shaped particles considered to be in the ''small-snow" 
category. Examples of particles from both the PMS 2-D cloud and precipitation 
probes are included on Figure 12. The scale appropriate to the 2-D particle is 
shown at the right side of the 2-D example particles. (The maximum dimension 
of the 2-D displays on Figures 13, 14, and 15 is 800 um.) 

Figure 12 (data averaged from 1705 to 1708Z) shows a large concentration of 
particles in the 2 to 27 um range that were recorded by the scattering probe. The 
ice water content (IWC) computed from scattering probe data was one of the highest 
values recorded during the flight. Between 75 and 750 um the concentration of 
particles was nearly uniform. This may be related to the stratified nature of the 
clouds being sampled. The averaged particle concentration data for the individual 
probes are given in Appendix B to correspond with the Figure 12 through 15 spec- 
trum displays. 

(B) Figure 13 reflects the particle spectrum and 2-D forms existing between 
the altostratus and cirrus lavers, The gap between the cirrus and altostratus was 
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ALTITUDE 7.3 km TEMPERATURE ~28-8  9¢ 


PROBE 
SCATTER CLOUD(C) | PRECIP(P) | C +P 
i 
ICE WATER CONTENT (9 m~) 2.72x10°2 887x104 | 153x102 | 162x102 


MED. VOL. DIANETEP 


EXAMPLE 2-D PARTICLE FORMS 


ros. 2az MAW! TARA UH AT HG tem clue 
meer ODPpLrPrPPraPPYMLIPi bblbbhlT 


COMMENTS: In tops of altostratus layer. Ice water content is relatively be—»| 800 wm 
high. Median diameter of C + P sizes is the largest of any 
sample examined in this report. 


3 


SCATTER PROBE 


re) 


-CLOUD PROBE 


3 


Pao ea PROBE 


PARTICLE CONCENTRATION (N/m>—mm) 


O 600 1200 1800 2400 
PARTICLE SIZE (um) 


Figure 12, Particle Size Distribution for 19 March 1978; 1705-17082 


small at this point, and the aircraft passed through occasional patches of thin 
cloud. The temperature at the time was -33°C, the frostpoint -36°C, and the 
dewpoint -39°C. As the 2-D cloud probe data show, the number of larger particles 
had diminished sharply from that indicated on Figure 12. Data from the precipita- 
tion probe indicated only a relatively few larger particles and none larger than 
1100 um. This is also confirmed by the extent of the particle distribution curves 
averaged from 1717Z to 1720Z. The transition from the condition in Figure 12 to 
that in Figure 13 occurred about 1709Z, when the flight director's log indicates 

the aircraft emerged from the altostratus layer. 

(C) The photograph shown in Figure 9 was taken when the aircraft was climb- 
ing toward the cirrus through what appeared to be cloud free air. In fact, during 
the 5-min period between 1731 and 1735Z the only particles detected were 4 um 
in size or smaller. Appendix B lists a printout of the few particles detected, but 
no graphical display is given here. The cloud conditions at the time were similar 
to those mentioned in (B) with thin cirrus above and altostratus below. However, 
the distance between the two cloud layers appears to have been larger. The com- 
puted IWC of the scatter probe fell to a very small 3 x 10°? g m™?, The tempera- 
ture during this period was approximately -39°C, the frostpoint ~43°C, and the 
dewpoint -47°C. 

(D) Figure 14 shows the averaged particle spectrum within the cirrus clouds 
at an altitude of 9 km (29,000 ft), The particle concentration drops nearly linearly 
from 10°/m*-mm at about 30 um to 10°/m?-mm at 1300 um. Each of three 
spectrometers recorded data that resulted in ice water content values between 
4 and 8 x 10°? g ied At this time the temperature was -40°C and the dewpoint 
-43°C, This same general cloud condition was persistent over at least the 5-min 
period for which the data on Figure 14 were averaged. 

{E) Figure 15 presents data from the upper portion of the cirrus layer. At 
the time represented there, there was less of a variety of 2-D particle shapes than 
seen in the Figure 14 display. Bullet rosettes were more common in contrast to 
the small snow seen earlier. From the time represented by Figure 14 to that of 
Figure 15 the average ice water content (IWC) of both the scatter and cloud probes 
more than doubled. 

The most noticeable difference between Figures 14 and 15 is the increase in 
particles of over 600 um in size. The maximum particle size in Figure 15is over 
1900 um, while in Figure 14, the maximum observed was only 1300 zm. In the range 
of the precipitation probe (above 380 um) the median particle diameter changed 
relatively little because of the large number of smaller particles while the number 
and relative concentration of larger particles increased considerably as the aircraft 
moved from the base of the cirrus layer into the upper portion of that layer. 

The median volume diameter for the cloud probe range (~17 to 360 uum) de- 
creased with height due to the large increase in the number of smaller size particles. 
In both cases, the Mission Director reported the visibility to be an estimated one mile. 


ALTITUDE 8.0 — km TEMPERATURE -33.6 °C 


SCATTER 
ICE WATER CONTENT (g m™°) 1.15x 10% 


PRECIP(P) 
7.73 x 104 


MED. VOL. DIAMETER (um) 
EXAMPLE 2-D PARTICLE FORMS 
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COMMENTS: In occasional patches of cirriform cloud between the alto- 
stratus and cirrus layers. Largest particles were 1100 um. 
Smal] snow is main crystal type. 
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Figure 13. Particle Size Distribution for 19 March 1978; 1717-17202 


ALTITUDE 9.0 _ km TEMPERATURE —40.1 °C 


PROBE 
SCATTER CLOUD(C) 4 PRecIP(P) [C+#P 
ICE WATER CONTENT (g m™°) 260x102 | 698x103 | 5.50x103| 1.25% 102 


MED. VOL. DIAMETER (um) 
EXAMPLE 2-D PARTICLE FORMS 


oie? LPLLIF PC IBPULP RIL OPP I TRL RIP RP Pee 
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COMMENTS: Near base of the cirrus layer. The largest particles are 
about 1300um. Both bullet rosettes and small snow are 
common. 
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Figure 14, Particle Size Distribution for 19 March 1978; 1813-18182 
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ALTITUDE 9,3 km TEMPERATURE ~42.8 °c 


PROBE 
SCATTER CLOUD(C) f PRECIP(P) | C +P 
ICE WATER CONTENT (g m™°) 749x103 | 1.61x 102 9.10x109] 259x102 


MED. VOL. DIAMETER ( 


EXAMPLE 2-D PARTICLE FORMS 
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relatively small. There is a smooth decrease of concentration 
9 with size. 
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Figure 15. Particle Size Distribution for 19 March 1978; 1835-18382 
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5. CONCLUDING COMMENTS 


This flight provided a look at two kinds of ice clouds, altostratus and cirro- 
stratus, as well as a relatively clear area betweenthem. The data showed a large 
difference in the type and size of particles from one cloud type to another. Par- 
ticles in the lower clouds were relatively large with a variety of shapes, while the 
cirriform clouds had small, more regular shaped crystals. Higher in the alto- 
stratus, the crystal size decreased, although the change in ice water content was 
quite small. Within the cirrus, however, crystal size was nearly constant while 
IWC increased somewhat with altitude. 

The sampling aircraft was in varying densities of cloud most of the time. 
However, there were two periods when particle populations were very small. These 
can be seen on Figure 10 starting at 1730Z and 1755Z. Both the 1-D and 2-D data 
showed an abrupt decrease in particle size and ice water content at these times. 
Particle size and number rose appreciably 5 min after the times noted. These 
changes in particle counts are also to be inferred in the changes in the total IWC 
vs time plot in Figure 11. 

Averaged cloud particle concentration data are presented in Appendix C for 
consecutive 30-sec periods during this flight. The particle type (bullet rosette 
or small snow) in these tabulations was determined by examining the 2-D data. 

One change to the standard data format from previous part of this series is 
the addition of a particle number total, NT, on each printout in Appendices B 
and C. The NT figure is the average number of particles per cubic meter for 


particle sizes between approximately 17 and 5400 um. 
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Appendix A 


Mission Director’s Comments 


The comments in this section have been transcribed from the voice tape 
recording made by Capt D.D. Cameron, the Mission Director aboard MC-130E 
S/N 640571 on 19 March 1978. 


TIME (Z) COMMENT 


16:53:15 Flight level (FL) 121 (12,100 ft) and climbing. IAS 174 knots. 
Temperature = +1°C, dewpoint = -12°C. At haze layer, middle 
clouds to the right. 

16:54:40 Getting crystals on the snow stick. 

16:55:30 Flight level 150 (15, 000 ft) in middle cloud and climbing to top. 
Ground barely visible. 0.5 mm small snow. 

16:57:20 In clouds, still climbing. Temperature = -5°C. Flight level 171 
(17, 100 ft). 

16:58:30 Looking brighter, but very gray a few miles south of Albuquerque. 
Flight level 184 (18,400 ft), 9 nm north of Socorro. 

17:03:15 In continuous cloud. 0.4 mm small snow. 

17:04:20 Brighter, but still in clouds. 

17:07:35 Flight level 240 (24, 000 ft), some icing. 

17:08:30 Icing. Flight level 240 (24,000 ft). IAS 149 kt. In solid cloud. 

17:09:30 Temporarily on top of one layer. 

17:10:35 In clouds. 

17:11:20 At the level of the tops of clouds. 

17:13:30 In the clear, between layers. 

17:19:30 500 ft below cirrus. Small snow, 0.3 mm. Wind 249 deg/29 kts. 
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TIME (Z) 
17:20: 
17:23: 
17:23: 
17:29: 


17:31: 
17:32; 
1:37: 
17:37: 
17:39:3 
17:41: 
17:45: 


17:45: 


17:48: 
17:49: 
17:50: 
17:52: 
18:00: 


18:01: 
18:02: 
18:04: 
18:07: 
18:08: 
18:09: 
18:09: 
18:12: 
18:14: 
18:19: 
18:28: 


18:28: 
18:31: 
18:35: 
18:38: 
18:42: 
18:44; 
18:45: 


50 
00 
39 
00 


00 
25 
35 


COMMENT 

At bases of cirrus. Bases lower to the south. 
1000 ft below bases. Little data. 

Cirrus thinner. No halo. 


Flight level 275 (27,500 ft) and climbing. Temperature = -24°C. 
Cirrus is higher and thinner to the west. 


Out of cloud. 

In the clear. 

Light cirrus. 0.1mm sized particles. 
Halo visible above. 

Size and intensity has increased, 
Climbing to flight level 290 (29, 000 ft). 


1000 ft below cirrus. Middle cloud below. Horizontal visibility 
2 to 3 miles. 


In cloud. Particles very small and uniform; less than 0.1 mm, 
occasional 0.2 mm, 


Clouds thicker, some light icing. 

Cannot see below or ahead, 

In and out of tops. 

Tops of cirrus, flight level 280 (28, 000 ft). 


Entering cloud. Gray sky above. Nice halo. IAS 150 kts. 
Temperature -27°C. 


Blue sky occasionally visible above the gray. 

1000 ft below tops. Sun off right wing. Position: 33° 10'N/106°55'W. 
At top of cirrus at flight level 290 (29, 000 ft). 

80 NM west of Roswell. Incirrus. Temperature -27°C. 

Cirrus getting thicker. Good 0.1mm size. Middle deck visible below. 
Darker now, no halo. 

Cannot see middle deck. Still 0.1 mm size. Good halo. 

In the middle of a thinning cirrus deck. 

Still good halo. Visibility 1 mi. Cannot see clouds below. 

Still in cirrus. 


IAS 150 kts. Flight level 299 (29, 900 ft). Position: 33° 04'N/104° 
55'W. 243/36 kts. 


Still in cirrus. Good halo, bright sun. 

Visibility 1 to 2 miles. 

Larger particles; 0.3 to 0.4 mm. Flakes almost melt when they hit. 
Just on top of the clouds. Flight level 300 (30,000 ft). 

Halo above. Particles of sizes 9.2 to 0.6 mm. 

Skimming through tops. Darker blue above. 

End of transcription. Flight level 300. Position: 33° 52'N/105° 11'W. 
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Appendix B 


Data for Specific Cases 


Average particle distribution data from the 1-D PMS probe system are pre- 
sented here for each of the five periods examined in Section 4 of this report. The 
data averaging interval is indicated on each of the listings. 

Any of the normalized particle distribution figures in the Appendix, with units 
of N/m” -mm, may be converted to unnormalized N/m? by multiplying by the 


following number of millimeters. 


Precipitation 
(except Precipitation 
smallest size) (smallest size) 


- 


| Small Snow 1.8x 10° 23x 10° 3.4X 10" 2.1 x 10°! 
: 2 1 1 


Bullet Rosettes 20 16. 
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SIZE 


AF aL 


FLISHT E786-08 ON 


SIRRIS STONY 8SY AFGL 
1380 SECOND AVZRAGING 


19 4AR 78 
TATERVAL START #*%17205800* 


PARTICLE SIZE OLSTRIBUTIONS (NUMBER/MF* 3-44) 


STATTER 
2ROBE 


2.13c+08 
3.28E+09 
1260424.0 
1.19€410 
7.28E4u3 
4.956409 
2.52E+09 
9.532408 
1. 70E+08 
2. 64E+07 
1.69E+07 
1.49E4+U7 
1.23E+07 
1. 30E+67 
1.33E&+07 


2.72E-02 
10 


SIZE 
(4U) 


AFML 


FLIGHT &78=-08 ON 


PARTICLE 


SCATTER 
P20BE 


3+52E408 
1.16&+63 
1.24E 48 
9. 9LE+07 
743 E+U7 
5e7FE+67 
3, 69E+u7 
4eaict+07 
2e94E+67 
1,53£+07 
1,20E+u7 
9.50E+u5 
is uU7E+l7 
8.734056 
5.“9E+06 


4015-63 
18 


SIZe 
(4U) 


3-059 
PROBE 


be DBECUS 
1.98E+05 
3239E+03 
2e41E +0? 
7042E+03 
1.32E+03 
1.77E+03 
1.44E+03 
2e34E+03 
36435403 
1.71E+03 
1.52E+63 
2.0 9E +63 
2.87E+03 
2.31E+C3 


BoS7ERLY 
151 


TyPct SMALL SNOW 


SIZE 
(MJ) 


465 

743 
1038 
1437 
1778 
2123 
2468 
2813 
3158 
3503 
3848 
4193 
4538 
4883 
5228 


PRECIP 
PROBE 


2052E+93 
1.94E+973 
2.01€+02 
1661491 
1.76F+00 
1.87E&+00 
1¢32E+90 


1.53E-02 
302 


CIRRIS STUDY BY AFSL 
150 SECOND AVERAGING 


19 “AR 78 
INTERVAL START3*178178 30* 

SIZE OLSTRIBUTIINS (NUM BER/MF* 3-44) 

TYPet SMALL SNOW 


G.0UJ 
P20BE 


1.12E+06 
Be S7E+LS 
2055E4+U4 
4oDIEtGS 
106122465 
SeOJEFLY 
3e57Et+0% 
Le8IJE+O4G 
Ze4FE+Os 
2od1E+0G 
Led7E*LG 
9.15E+03 
8e33c4+C3 
BeSGECOS 
Fev SE+OR 


oJ 9-63 
119 
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SIZE 
(MU) 


465 

743 
1088 
1433 
1778 
2123 
2468 
23813 
3158 
2503 
3848 
4190 
4536 
48683 
5228 


PRECIP 
PROBE 


8 A2E+V2 
7-51E4+00 
1.01E-01 
0-6 
0. 
0. 
G. 


Ue 


7e73E-14 
219 


P (MB) 
394.3 


ALT (KM) 
7.284 


TEMP (C) 
-28.8 


FROSTPOINT 
“26.2 


TAS (M/S) 
116061 


NT (N73) 
4574.9 


TOTALS 
1.62E-02 
298 


P (MB) 
35562 


ALT (KM) 
8.013 


TEMP (C} 
-33.6 


FROSTPOINT 
-35.2 


TAS (M/S) 
120.6 


NT (N/M3) 
29290.8 


TOTALS 
6. 66E-03 
125 


SIZs 


AFAL CIRRUS STUDY BY AFGL 


F_IGHT E78-08 ON 19 4AR 78 248 SECOND AVERAGING 


INTERVAL START &* 178312 00% 


PARTICLE SIZE DISTRIBUTIONS (NUM Bz U/K**3-MM) 


fYPE2 SMALL SNOW 


SSATTER SIZE CL Oud SIzeée PRECIP P (MBP 
>ROBE (4U) PROBE (MU) PROBE 321.5 
2e53E+09 26 0. 465 0. ALT (KM) 
1.29E+07 49 0. 743 0. 8.694 | 
0. 72 Oe 1088 0. 
0. 95 0. 1434 0. TEMP (C) 
Oe 113 06 4778 Ge -39.0 
0. 141 0. 2123 0. J 
0. 164% 0. 2468 0. FROSTPOINT 
0. 187 ae 2812 0. “43,2 
0. 210 0. 3158 0. 
Q. 233 Oe 3503 0. TAS (M/S) 
0. 256 de 3848 0. 124.4 
Oe 273 Ue 4493 0. 
0. 302 0. 4538 Oe NT 4N/N3) 
0. 325 0. 4883 0. 0.0 
Ue 343 0. 5228 Oe 
TOTALS 
2e28E-05 0. Ce 0. 
2 0 0 0 
AFaL CIRRUS STUDY 3Y AFGL 
FLIGHT E78-08 ON 19 4AR 73 300 SECOND AVERAGING 
INTERVAL 3TA2T2*18813¢02* 
PARTICLE SI7E OLSTRIBUTIINS (NUM BER/M**3=4M) 
TYPES BJLL ROSE 
SDATTER Stze C.0uU0 STZE PRECIP P (MB) 
PROBE (4U) P2RO0B8= (MU) PROBE 3086.6 
6. 336408 25 9.J2E+05 437 5.75E+93 ALT (KM) 
3-46E+08 47 5222E+05 706 12146402 6.970 
3.06E408 67 9.66E4+C04 1011 4.01E+00 
2.39E+08 87 Tel 7TE+OS 1316 5e7HE-32 TEMP (C) 
1.63E+08 108 1e29€+C5 1622 a. 40.1 
1.28E+¢08 128 63S FEtCG 1927 0. 
7.906407 144 543 8E+CS 2233 0. FROSTPOINT 
9,00 Etu7 169 3e38C404 2538 0. -39.8 
6.73E+4+b7 183 Oer4Etly 2843 0. 
3.226407 233 7e30CHUG 3149 0. TAS (M/S) 
2. 76E4+07 230 7,.25E4+04 3454 Ue 125.0 
2.04E +07 250 5.d0E+0% 3766 0. 
2.02F+07 271 Sel 7ct+us 4065 0. NT (N/M2) 
1.80E+u7 291 4eSHECO4 4370 0. 29514.4 
1-44E407 311 Ze51E+C% 4676 0. 
TOTALS 
2-50E-03 6.35RE-C? 5-50-13 1.25E-02 
18 105 197 134 
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AFdL CIRRUS STUDY BY AFGL 
FLISAT E78-08 ON 19 4AR 73 180 SECOND AVERAGING 
INTERVAL START# *188358 02* 
PARTISLE SIZE OLSTRIBUTIONS (NUM BER/M** 3-4) 


E TYPES S8ULL=-ROSE 
SIZéE SCATTER SIZE c.0u0d SIZE PRECIP P (MB) 
(MU) ?ROBE (4U) PR03= (MU) PROBE 293.5 
2 2. 28E+08 26 2093E+06 437 8.00E+13 ALT (KM) 
3 4elGE+08 47 2.03E+C5 706 3.69E+I2 9. 307 
5 7.1 7E+u8 o7 26) 5E+06 1011 2097E+01 
z 6.77E+08 87 1.04c+06 1316 2427E+90 TEMP (C) 
9 4e92E+08 108 1.25E+06 1622 4e97E-I31 ~42.8 
11 5+ 73E+08 128 Hed 1LE+l5 1927 1.06E-01 
12 2e23E+08 143 2e56E+05 2233 0. FROSTPOINT 
14 2.52F +8 169 8.37E4+04 25368 0. “42.3 
16 2.02E+08 189 1641EtL5 2843 O. 
18 9.93E+07 209 1.20E+05 3149 0. TAS (M/S) 
iJ 8.26E+07 230 90 9E+O% 3454 Oe 127.9 
21 6. 31E+b7 250 55404 3760 0. 
23 6+ 3dE+u7 271 4o36E+04 4065 0. NT (N/M3) 
<5 5.81£+07 291 Ge27ztl 4370 Ue 158646.6 
a? 4L3e+u7 311 3.38E+E4 4676 Q. 
TOTALS 
IWC 7+49E-03 1251E-62 9-10E-03 2.52E-02 


MED O 18 67 208 105 


Appendix C 


30-Second Data Averages 


Data averaged over consecutive 30-sec intervals from 1705Z to 1848Z are 
presented here. The predominant type of crystal used for water content calcula- 
tions is either bullet rosette or small snow—as indicated on individual printouts. 

The method of determining unnormalized particle densities from the normalized 


values in this section is described in the introduction to Appendix B 
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